In eight subjects in whom the effective refractory period of the His-Purkinje system was determined to be longer than that of the A-V node or atrium, abrupt acceleration of the atrial rate resulted in either 2:1 block within the His-Purkinje system or 1:1 A-V conduction. The former conduction pattern simulated a type II second-degree A-V block. The occurrence of either 2:1 block within the His-Purkinje system or 1:1 A-V conduction was determined primarily by (1) an effective refractory period of the His-Purkinje system which exceeded that of the A-V node, (2) the coupling interval of the first atrial capture beat and its effect or lack thereof on the refractory period of His-Purkinje system as it relates to changes in ventricular cycle length, and (3) the relative speed of A-V nodal conduction time. The distinction between this functional 2:1 block within the His-Purkinje system and a true type II second-degree block is discussed from both the clinical and electrophysiologic points of view. G ENERALLY, A-V block occurs in that portion of the A-V conducting system which has the longest effective refractory period. In most subjects, the effective refractory period of the A-V node exceeds that of the His-Purkinje system, and therefore 2:1 block at the A-V nodal level results whenever a sufficiently high rate of stimulation is applied to the atria.' 2 In such patients, A-V nodal block occurs irrespective of whether the atria are stimulated at a high rate abruptly or by increments. The specific rate at which 2:1 block occurs varies in different individuals but, in general, in normal subjects it is greater than 120 beats/min. This report deals with the findings in eight subjects in whom abrupt acceleration of the atrial Received September 28, 1972; revision accepted for publication November 12. 1972. 534 rate resulted in either 1:1 A-V conduction or 2:1 A-V block within the His-Purkinje system. The latter simulated a type II (Mobitz) second-degree A-V block. Those factors which are responsible for this "functional" form of block within the His-Purkinje will be analyzed. Methods Right heart catheterization was performed with the patient in the postabsorptive, nonsedated state. Informed consent was obtained. The patients were not taking any cardiovascular drugs. Using local anesthesia, a tripolar electrode catheter was percutaneously inserted into a femoral vein and fluoroscopically positioned in the region of the tricuspid valve in order to record bundle of His electrograms as previously described.3 A quadripolar electrode catheter was similarly inserted into an antecubital vein and fluoroscopically positioned against the lateral wall of the right atrium at its junction with the superior vena cava. The proximal pair of electrodes was used to record a high right atrial electrogram, and the distal pair used to stimulate the right atrium. Three standard electrocardiographic leads were simultaneously recorded. Atrial stimulation was performed using a programmed digital stimulator which delivered rectangular pulses of 2-msec duration at twice diastolic threshold through an isolation unit. In each patient two modes of atrial stimulation were performed. The extrastimulus method was used to determine the refractory periods of Circulation, Volume XLVII, March 1973 
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Right heart catheterization was performed with the patient in the postabsorptive, nonsedated state. Informed consent was obtained. The patients were not taking any cardiovascular drugs. Using local anesthesia, a tripolar electrode catheter was percutaneously inserted into a femoral vein and fluoroscopically positioned in the region of the tricuspid valve in order to record bundle of His electrograms as previously described.3 A quadripolar electrode catheter was similarly inserted into an antecubital vein and fluoroscopically positioned against the lateral wall of the right atrium at its junction with the superior vena cava. The proximal pair of electrodes was used to record a high right atrial electrogram, and the distal pair used to stimulate the right atrium. Three standard electrocardiographic leads were simultaneously recorded. Atrial stimulation was performed using a programmed digital stimulator which delivered rectangular pulses of 2-msec duration at twice diastolic threshold through an isolation unit. In each patient two modes of atrial stimulation were performed. The extrastimulus method was used to determine the refractory periods of Circulation, Volume XLVII, March 1973 A-V BLOCK the A-V conduction system during sinus rhythm, and this involved the introduction of a single atrial premature depolarization at progressively shorter coupling intervals within the cardiac cycle. 4 Figure 1 depicts the refractory period determination during sinus rhythm for patient 2. Figure IC demonstrates that the effective refractory period of the His-Purkinje system begins at an H1-H2 interval of 440 msec. Figure 2A and B demonstrates that in this patient both a 1:1 and 2:1 A-V conduction response could be produced when the atrial rate was suddenly accelerated to a cycle length of 380 msec. The sinus cycle lengths preceding the onset of abrupt atrial stimulation vary by only 20 msec. The A-H interval of the sinus beats measures 70 msec. In figure 2A , the first atrial capture beat (A2) occurs at an A1-A2 interval of 470 msec with an A2-H2 interval of 110 msec. The corresponding H1-H2 interval is 510 msec and, since this value is greater than the determined ERP of the His-Purkinje system, conduction to the ventricles occurs. The decrease in ventricular cycle length from 870 to 510 msec results in a corresponding decrease in ERP of the His-Purkinje system to a value of less than 380 msec. This is reflected in the fact that all subsequent atrial impulses are conducted at H-H interval of 380 msec. In figure 2B , the first atrial capture beat occurs at an A1-A2 interval of 720 msec. The fig. 1 ), the ERP of the His-Purkinje system at sinus cycle lengths, which ranged from 800 to 950 msec, occurred at an H1-H2 interval of 440 msec. Figure 3 (continuous trace) demonstrates that the first atrial capture beat results in an H1-H2 interval which is the same as the ERP of the His-Purkinje system (440 msec) and consequently block within this system occurs. Therafter, 2:1 A-V block within the His-Purkinje system occurs at H-H intervals of 380 msec. Figure 4A illustrates that, at the same paced cycle length of 380 msec, 1:1 A-V conduction resulted by the same mechanism as in figure 2A . The first atrial capture beat results in a shortening of the ventricular cycle length from 800 to 590 msec. A significant decrease in ERP of the His-Purkinje system follows so that 1:1 A-V conduction was maintained at H-H intervals of 435 msec to 380 msec. Figure 4B demonstrates 1:1 A-V conduction with aberration at a paced cycle length of 380 msec. The first atrial capture beat shortens the ventricular cycle length from 880 to 760 msec which in turn shortens the refractory period of the His-Purkinje system. However, the decrease in the refractory period is less than that which occurs in figure 4A . followed by a His deflection. This results in a shortening of the cycle length of the His-Purkinje system and consequently a decrease in its effective refractory period so that 1:1 A-V conduction follows at the same H-H intervals that previously produced 2:1 A-V block. In figure 5B a spontaneous ventricular beat occurring at a slightly more premature coupling interval is retrogradely concealed within the His-Purkinje system. Note that the fifth atrial impulse is followed by a His deflection. Since the cycle length of the HisPurkinje system was not altered by the premature ventricular beat refractoriness of this system remains the same and 2:1 A-V conduction persist. Figure 6 demonstrates that during 1:1 A-V conduction at a paced atrial cycle length of 400 msec failure to capture the atrium for one beat (third stimulus) causes a sudden increase in the ventricular cycle length which in turn produces an increase in effective refractory period of the HisPurkinje system. Following this latter change 2:1 block within the His-Purkinje system occurs.
Discussion
In the present study, as contrasted with most previous studies using His bundle recordings, atrial acceleration was initiated abruptly rather than incrementally." 2, [6] [7] [8] In addition, the resultant conduction patterns (2:1 A-V block within the HisPurkinje system, 1:1 A-V conduction with normal ventricular activation, and 1:1 A-V conduction with aberrant ventricular activation) were correlated with refractory period studies using the extrastimulus method.
The occurrence of any one of the three A-V conduction patterns was determined primarily by (1) an effective refractory period in the HisPurkinje system which exceeded that of the A-V node, (2) the coupling interval of the first atrial capture beat and its effect or lack thereof on the refractory period of the His-Purkinje system as it relates to changes in ventricular cycle length, and (3) the relative speed of A-V nodal conduction time.
The fact that both the effective and relative refractory periods of the His-Purkinje system can be altered by changes in ventricular cycle length explains why at the same paced rate, and with identical H-H intervals, 2:1 A-V block or 1:1 A-V conduction ( His-Purkinje'system are greater at longer ventricular cycle lengths and decrease when the ventricular cycle length is shortened. 5' 9, 10 This same relationship between ventricular cycle length and refractoriness also explains the perpetuation of either the 2:1 or 1:1 A-V conduction patterns throughout the pacing procedure.
During 2:1 A-V block, the nonconducted atrial impulses encounter an area of maximum refractoriness within the His-Purkinje system. The exact area of maximum refractoriness could not be determined in this study but may be within the common bundle itself, the bundle branches, or peripheral Purkinje network. Since the area of maximum refractoriness and the conducting tissues distal to it are not depolarized, they effectively maintain a long cycle length which is equivalent to that of the conducted atrial impulses. The longer ventricular cycle length is associated with a longer effective refractory period and, consequently, 2:1 A-V block is maintained. However, if during 2:1 A-V block, the distal area of maximum refractoriness is prematurely Circulation, Volume XLVII, Marcb 1973 depolarized, as can occur retrogradely by a premature ventricular beat ( fig. 5 ), its refractory period is shortened. Thereafter, the shorter refractory period permits 1:1 A-V conduction at the same H-H interval which previously caused 2:1 A-V block. This same relationship between cycle length and refractoriness can be invoked to explain 1:1 A-V conduction when the cycle length is sufficiently shortened by the first atrial capture beat (figs. 2A and 4A).
The relative speed of A-V nodal conduction time during atrial pacing also contributed to the development of 2:1 A-V block within the HisPurkinje system. The A-H intervals during abrupt acceleration of the atrial rate were not markedly prolonged relative to the A-H interval during sinus rhythm. This lack of significant A-V nodal conduction delay permitted the paced atrial impulses to be delivered to the His-Purkinje system within its effective refractory period. Had Patients who have a spontaneous or true type II second-degree A-V block generally have symptoms which can be attributed to the A-V block and invariably develop complete heart block for which permanent ventricular pacemaker therapy is indicated. On the other hand, the eight patients who had functional block with the His-Purkinje system did not have symptoms which could be related to A-V block and never demonstrated A-V block during sinus rhythm prior to or following this study. A majority of patients with type II A-V block have an associated right or left bundle-branch block pattern while most patients in this study did not. Also, the H-V interval during sinus rhythm is almost invariably prolonged (>55 msec) in the former group, while it was found to be within normal limits in the latter group.
A functional 2:1 block within the His-Purkinje system can also occur during abrupt spontaneous increases in atrial rate. This has been documented to occur in a case of paroxysmal A-V nodal reentrant tachycardia in an otherwise healthy 
